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Introduction

Cross-connection control is the effort to control interconnections between drinking water supplies
and non-potable substances or sources.  Cross-connection control programs have been a part of
water and health agency programs for decades.  A concern of many agencies has been household
cross-connections.  Although many haven’t considered the hazards in households to be a major area
of concern, it has, for the most part, remained an unknown factor in the cross-connection control
field.

The US Environmental Protection Agency (EPA) had funded an epidemiology study (the Water
Evaluation Trial, or WET Study) to determine the health effects of a home water treatment unit on
the residents of approximately 400 homes in four contiguous urban/suburban communities in the US
Mid West.  All of the WET study participants lived in single-family homes.  One of the concerns,
which arose, was the possibility that the water could have been pure water when delivered to the
residence, but could have become contaminated through cross-connections on the premises.  This
question, in turn, led to the funding of this study, wherein approximately 200 of the above mentioned
homes were surveyed to determine whether the potential for cross-connections in the home existed
and to assess whether cross-connections in the home could result in exposure to contaminants that
would cause diarrhea or gastrointestinal illness, with the health effects being measured in the WET
Study.

Aside from providing valuable information for the Epidemiology study, this study provided a wealth
of data regarding the type and prevalence of cross-connections in household plumbing systems.  This
report encompasses only the findings of the household cross-connections study.

The Research Team

The Foundation for Cross-Connection Control and Hydraulic Research at the University of Southern
California was chosen to conduct this study.  The Foundation was founded to work on the problem
of cross-connections in 1944.  Since that time, the Foundation has developed a standard for backflow
prevention assemblies and has an approval program for backflow prevention assemblies, which is
widely accepted across the nation.  The Foundation also publishes the Manual of Cross-Connection
Control, and several training tools.  The Foundation has offered the Course for the Training of
Backflow Prevention Assembly Testers since 1969, and has been offering the Course for the Training
of Cross-Connection Control Program Specialists since 1987.  More information on the Foundation
can be found at http://www.usc.edu/fccchr/

The USC Research Team included Prof. J. J. Lee, Ph.D., P.E as the Principal Investigator.  Prof. Lee
holds a Ph.D. in Civil Engineering from the California Institute of Technology and is a registered
Professional Engineer in the State of California.  He is a Professor in Civil and Environmental
Engineering at the University of Southern California and has been the Director of the Foundation for
Cross-Connection Control and Hydraulic Research since 1985.  Mr. Patrick Sylvester was the
Project Manager.  Mr. Sylvester holds a BS in Mechanical Engineering and a Masters in Business
Administration from the University of Southern California.  He has been with the Foundation for
over fifteen years working in the laboratory originally and more recently involved in administrative
activities.  Mr. Paul Schwartz was the Quality Assurance Manager for the project.   Mr. Schwartz
holds a BS in Mechanical Engineering from the University of Southern California and is a registered
Professional Engineer in the State of California.  He is currently the Foundation’s Chief Engineer
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and has worked with the Foundation for over twenty-five years.  The Field Operations Manager was
Mr. Mark Witt.  Mr. Witt is a licensed plumber in the State of Iowa and was contracted by the
Foundation for this project.  He has successfully completed the Foundation’s Course for the
Training of Cross-Connection Control Program Specialists and is the owner of Backflow Prevention
Services of Iowa.

Methods and Materials

Recruiting Participants

The participants in the WET study were informed about the study on household cross-connections
via a letter from the WET Research Team as soon as EPA granted Institutional Review Board (IRB)
approval.   The letter briefly outlined the study and asked the interested participants to contact USC
at a toll free number or return a postage-paid postcard to USC.  The letter also mentioned that the
participants would receive $50.00 for their part in the project.

In order for participants to be eligible to participate in this study, it was important to obtain informed
consent.  The participates were informed of the study, what was involved, what their part would be
and what the compensation entailed.  The participants were also made aware of any negative impact
the study could have on them, such as the need to replace or modify certain components of the
household plumbing system and the were informed of the benefits that could be gained by the survey
of their plumbing system.  They would be made aware of any potential hazards to their drinking
water system and they would be informed as to how to go about making needed corrections.  The
complete letter may be found in Appendix A.

The WET participants who contacted USC were given an explanation of the study over the phone
and those who were interested were sent a personalized letter, a fact sheet about the study, and the
Informed Consent Form.  They were asked to respond within three weeks to confirm their
participation in the study.

As the participants responded, the USC Research Team e-mailed this information to the WET
Research Team.  The WET Research Team provided the dates these participants were to have their
Point of Use (POU) water treatment devices removed.  The WET Research Team also provided an
ID number so that identifying information could be eliminated from the data supplied back to the
WET Research Team.  This was necessary to maintain the blind analysis required in the WET Study.
The original goal was to conduct a site survey of the residential plumbing system shortly after the
POU device was removed from service. The USC team sent out a letter to the participants notifying
them of their acceptance into the project. They were given the name of the contractor and informed
that the contractor would contact them directly, to schedule the specific appointment to conduct the
survey of the household water uses.  Contact information was forwarded to the contractor to
facilitate scheduling of the site surveys.

Training of the Contractor (Field Operations Manager)

The USC Research Team contracted with a plumbing contractor for the position of Field Operations
Manager (FOM).  The required qualifications included cross-connection control experience, training
to conduct the water use surveys, and maintaining a state-issued contractor’s license.  The contractor
had been trained at the Course for the Training of Cross-Connection Control Program Specialists
offered by USC, and taught by members of the USC Research Team for this project.  This ensured
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that the contractor was already aware of the USC Research Team’s methods and understanding of
cross-connections and degrees of hazard

This Field Operations Manager (FOM) performing the actual survey received additional training and
instruction from the USC Research Team to ensure proper protocol was followed

Scope of the survey— The survey was to identify actual and potential cross-connections
within and around the household.  This was to involve examining plumbing fixtures such as:
toilet tanks, irrigation systems, sump pumps, boilers, water heaters, spas, swimming pools,
etc.

Data Collection—The contractor was instructed on the use of the site survey form (developed
for this project) detailing each item on the form, including additional comments, which
should be added to the form.  The security and chain of custody of the data as covered in the
project protocol was conveyed to the contractor.  The Quality Assurance Manager (QAM)
from the USC Research Team accompanied the FOM on the first several surveys.  This
clarified the method in which specific information would be transferred to the survey form
and it ensured that the FOM understood exactly what information the USC Research Team
needed for the project.  Midway through the surveys the QAM again accompanied the FOM
on several surveys to verify methods and techniques of data collection.  All data forms were
sent to the USC Research Team via FAX each Monday morning, and the originals were sent
to the USC Team via a traceable shipping service.  The contractor did not keep a copy of the
survey form.  All recommendations made to the customer where documented on the survey
form.

Interacting with the participants—The contractor was instructed on how to communicate
with the participant and those in the household.  A professional, courteous demeanor was to
be maintained at all times.  The contractor was to follow all guidelines required by the
Institutional Review Board and those spelled-out in the protocol.  The customer was to be
informed of the findings of the survey.  The contractor was instructed to give some brief
advice or recommendations and explain the benefits of correcting any problems discovered.
The contractor was not permitted to offer his own services to make any plumbing changes.
The contractor was not permitted, in any way, to accept any business from the participants as
a result of this research project, nor was the contractor to inform anyone other than USC of
the results of the survey, unless authorized to do so by USC.  If it were to be necessary to
make changes to the plumbing system, the contractor informed the customer.  If a cross-
connection were to be discovered, which was considered a serious threat to the quality of the
water, the contractor was to notify the customer and the USC team immediately.

The Survey Form

The USC Research Team developed a survey form for the FOM to use during the surveys.  The form
would help the USC Research Team ascertain the following:

• The number of unprotected water uses (i.e., cross-connections) as compared to the total water
uses on the premises.

• The degree of hazard of the cross-connections discovered
• If the cross-connections were direct or indirect cross-connections
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The Survey Form was designed in such a way as to facilitate the gathering of all the necessary
information during the site survey.  It was also necessary that the data would be collected and
recorded consistently, and could be transferred to a spreadsheet which would provide the best
information for the USC Research Team as well as the WET Study Research Team.  The survey
form was divided in to several categories.  In each category it was determined if there was a cross-
connection, and if so, whether it was direct or indirect.  It was also determined if the cross-
connection was with a fluid that could present a health hazard or whether it should be classified as a
non-health hazard. The connection was ascertained to be either temporary or permanent, and it was
determined whether the cross-connection was protected and if the protection was acceptable.  The
categories included on the survey form were: Auxiliary Water Supplies, Fire Sprinkler Systems,
Irrigation Systems, Heating/Cooling Equipment, Kitchen Facilities, Laundry Facilities, Sewage
Systems Swimming Pools/Spas, Tanks, Vats, other Vessels, and hose bibs.  There was also a section
for additional connections not specifically mentioned on the form.  Additionally, there was a section
to note any chemicals, which were observed on the premises.  The survey forms also indicated the
contractor’s time-in and time-out.  After the initial set of surveys were in the QAM accompanied the
FOM on the surveys, the Survey Form was modified slightly in order to clarify findings and ensure
what was discovered on the surveys would be understood by the Research Team analyzing the
surveys.  The finalized Survey Form is shown in Appendix A.  Accompanying the survey form was
a separate form for recommendations.  This was a triplicate form.  The recommendations for
corrections where included on this form.  The participant was given one copy and the other two
copies were forwarded to the USC Research Team.  Additionally, the information was
communicated to the local administrative authority(s), in those few cases where the seriousness of
the cross-connection warranted.  This form is shown in Appendix B.  The FOM was not permitted to
offer his own services to make any plumbing changes.  The FOM could, in no way, accept any
business from the participants as a result of this research project, nor was the FOM to recommend
other contractors.  When there were corrections to be made to the plumbing system, because of a
serious threat to the water supply, the FOM informed the customer that the administrative authority
would be notified. The FOM provided the participant with contact information for the local
plumbing authority and the water supplier, should they desire more information on how to go about
correcting any of the plumbing problems.  If no unprotected cross-connections were discovered, the
FOM informed the participant of this.  The FOM, at that point, answered any of the participant’s
questions.

The Surveys

Once the participants confirmed their willingness to participate and their agreement to the
information provided on the Informed Consent Form, the FOM made specific appointments directly
with the participants via telephone.  The FOM confirmed the appointments the day before the actual
survey and confirmed that an adult would be present in the home at the time of the survey.

The FOM arrived at the site at the pre-scheduled time and date.  After a brief review with the
participant, the FOM began the water use survey using the survey form provided by the USC
Research Team.  The various water uses were examined as outlined on the survey form.  One adult
was asked to spend approximately 30-60 minutes accompanying the FOM as he performed the
survey.
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To protect participants in the study from unsolicited calls from plumbing contractors, the USC Field
Operations Manager agreed not to provide any information on the survey or the names of
participants to anyone except USC.

At the conclusion of the survey, the FOM delivered a check in the amount of $50.00 from USC
made out to the participant.  The FOM also delivered a brochure explaining common household
cross-connections and explaining what the resident could do to abate cross-connections in the home.
This brochure is shown in Appendix C.

The Data

The Survey Forms were faxed to the USC Research Team each Monday morning following the site
surveys.  The originals were sent at the same time via UPS, in order to be traceable. The FOM did
not keep a copy of the survey form or provide information on individual surveys to anyone except
USC.

Three members of the USC Research Team scored each survey independently of one another and
placed the data on a spreadsheet.  The QAM compared the individual scores and, when necessary,
discussed specific scores, going back to the original survey forms in order to gain a consensus for the
scoring.  Once a consensus was reached, the data was entered into a master spreadsheet.  Once a
member of the Research Team entered the data, another member confirmed the entries to ensure
accuracy in data entry.  The spreadsheet included the number of protected cross-connections as
compared with the number of total water uses within each category.  For example 3/4 in the kitchen
facility would indicate that there were four water uses and three of them were protected.  The degree
of hazard, and type of cross-connection (direct or indirect) was also indicated for the residence as a
whole, with worst-case scenario being indicated.  For example if there were both non-health hazards
and health hazards, the degree of hazard indicated would be health hazard.  Likewise, if there were
direct and indirect cross-connections the form would indicate a direct cross-connection for the
residence.

The final number of surveys completed was 188.  Once the data was analyzed and the data input in
the spreadsheet, the spreadsheet was sent to the WET Study Research Team at the University of
California, Berkeley for inclusion in the WET Study.

Quality Control

Quality Objectives and Criteria

A major objective was to obtain consistent and accurate information regarding the water uses within
the participating homes.  After extensive training and discussions with the USC Research Team, the
FOM conducted the surveys in accordance with the training. The QAM accompanied the FOM on
the first several surveys to ensure consistency in the survey and in the completion of the survey
report and in the understanding of various household cross-connections.  After approximately one
half of the surveys were conducted the QAM accompanied the FOM on several more surveys to
ensure consistency.

When the data forms were returned to USC, three members of the USC research team analyzed the
data forms independently to determine the degree of hazard present on the premises, if any. The
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Research Team followed procedures based on the USC training course, Course for the Training of
Cross-Connection Control Program Specialist, of which the members of the USC Research Team
are instructors.  Specifically, the type of cross-connection (direct or indirect) and the degree of
hazard were determined.

Special Training

The FOM was required to have successfully completed the five-day training course, Course for the
Training of Cross-Connection Control Program Specialists conducted by the University of Southern
California.  Since the FOM was a contractor working within Iowa, this training was necessary to
ensure that the FOM had full understanding of the Research Teams methods and concepts of cross-
connection control.  The FOM was also required to maintain a contractor’s license in the State of
Iowa.

Documents and Records

The FOM sent all field survey forms via FAX to the USC Research Team each Monday morning
following the completion of the survey.  The original survey forms were shipped via UPS each
week.  The FOM did not maintain copies of the survey forms or provide information on individual
surveys to anyone except USC.

The survey form was modified slightly to clarify information regarding the household bathrooms as
recommended by the QAM following initial field testing of the survey form.  In the original form,
bathrooms 1, 2, and 3 were listed under Toilets/Bidets.  In the modified form bathrooms 1, 2, and 3
were listed with bathtub/shower and toilet/bidet listed as subcategories under each bathroom.  This
clarified what was discovered at each location.  The change was made to make the data recording
easier and more consistent.  On the first several survey forms, the data was recorded, but written
explanations were needed in some cases to clarify which toilets were reflected in the data.

The QAM distributed the forms to three members of the USC Research Team for independent
assessment.  The members of the USC Research Team assessed each survey form recording the
number of water uses and number of protected water uses at each residence.  These were subdivided
into the categories listed on the survey form.  The degree of hazard for each category was assessed
and a determination was made as to whether the cross-connection hazard was a direct (subject to
backsiphonage and/or backpressure) or an indirect (subject to backsiphonage only) cross-connection.
Each assessor summarized his findings on a spreadsheet, which was submitted to the Quality
Assurance Manager for review.  When the research team members arrived at conflicting
assessments, the QAM discussed the issues in question to bring about a consensus.  There were a
relatively small number of instances that required the QAM to clarify situations in order to bring
consensus.  These situations, typically, required clarification of specific plumbing fixtures and how
they were engineered.  Once this information was brought to the attention of the Research Team
members, consensus was forthcoming.   Once a consensus was reached the data was entered into an
Excel spreadsheet by one of the research team members.  Once the data was entered, another
member of the research team checked the data entry point by point with each of the research team
members signing off on the data as it was entered for each household.

The data was e-mailed to the UCB Project Manager for use in the WET Study as it became
available.
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Electronically stored records were automatically backed up on a mirrored hard drive.  Additionally,
the mirrored hard drive was backed up to tape weekly.

Data Collection Method

The FOM arrived at the participant’s home at a prescheduled time.  After a brief explanation of what
he would be doing, he, accompanied by an adult member of the household, proceeded to survey the
water uses.  He looked at sinks, toilets, irrigation systems, water heaters, boilers, water softeners, and
any other water using equipment to determine if there were protected and/or unprotected cross-
connections present.  The surveyor indicated on the survey form what was discovered.  The survey
form may be found in Appendix B.  Although the form is fairly exhaustive, there is a section on the
survey form for other water uses that the surveyor may have discovered.  These too were recorded
on the survey form.  The FOM determined if the cross-connection(s) were subject to backpressure or
backsiphonage.  The FOM also indicated what type of substance could have backflowed through the
cross-connection(s).  The FOM indicated what type of backflow protection was present, if any, and
if the installation was correct. This information, as well as other observations, which may affect the
hydraulic conditions of the household, such as number of stories, elevation relative to surrounding
areas, etc., was recorded on the survey form.  A separate triplicate form (Appendix B) was used to
advise the resident of any recommendations to correct cross-connections, which were discovered.  A
copy was given to the customer, and the remaining copies were forwarded to USC with the original
survey forms.  In situations where a serious cross-connection hazard existed, which could have
threatened the public water supply, a copy was forwarded to the Iowa American Water Company.  In
seventeen cases a direct cross-connection with a health hazard was discovered.  Fourteen of these
were direction connections to the sewer via improperly plumbed, or unacceptable toilet fixtures.
Two were direct connections to the drain via improperly installed water softeners and the remaining
cross-connection was a direct connection to an on-site well.   The last three of these instances were
determined to be severe enough to contact the water supplier, the Iowa American Water Company.

Data Chain of Custody

The FOM sent all field survey forms via FAX to the USC Research Team each Monday of the week
following the completion of the survey.  The original survey forms were shipped via UPS.  The
FOM did not maintain copies of these forms.

The data was detailed in an Excel file and e-mailed to the UCB Project Manager for use in the WET
Study.  Identifying information was not included with the data other than a specific ID number.  The
WET Study had been a triple blind study, and to ensure the WET Study team did not receive
identifying information, the ID numbers were used.

Analytical methods

According to the Manual of Cross-Connection Control, Ninth Edition, a cross-connection is defined
as “any unprotected actual or potential connection or structural arrangement between a public or a
consumer’s potable water system and any other source or system through which it is possible to
introduce into any part of the potable system any used water, industrial fluid, gas or substance other
than the intended potable water with which the system is supplied.”  If the cross-connection is
subject to backsiphonage only, it is considered an indirect cross-connection.  A connection, which is
subject to backsiphonage and backpressure, is considered a direct cross connection.  The FOM
described the type of cross-connection discovered and determined if there is adequate protection,
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such as a vacuum breaker on the connection.  The FOM followed conventions for types of cross-
connections discussed in the USC Course for the Training of Cross-Connection Control Program
Specialists and conventions discussed specifically with the USC Research team. These conventions
were verified and confirmed in the first few surveys where the FOM was accompanied by the QAM
to ensure consistency.  In the initial surveys the FOM and QAM surveyed the property together, but
completed the survey form separately.  Afterward the forms were compared to determine if there
were any discrepancies and discuss the reasons for such discrepancies.  There were some
discrepancies in recording the data, which were eliminated after the first few surveys.  The
discrepancies were minor and would not actually have made a difference in the data reporting.
Midway through the project the QAM accompanied the FOM on several more surveys to confirm
quality assurance guidelines were being followed and to ensure consistency in the data collection
method.  During these surveys there were no discrepancies.

Hazards were designated as a health hazard, a non-health hazard, or a non-hazard. A health hazard
cross-connection is a cross-connection between the potable water supply and a substance that may
cause illness or death if ingested.  Sewage would be considered a health hazard as well as chemical
additives used in boilers, and other systems.  A cross-connection to a well would normally be
considered a health hazard, unless the well was accepted by the local health authority as an
acceptable drinking water supply.  An unprotected hose bibb is normally considered to be a cross-
connection with a health hazard, since the end of the hose can be easily dropped into a number of
unknown substances such as ponds, fertilizer, pesticides, etc.  A non-health hazard cross-connection
is a connection between the potable water supply and an aesthetically objectionable materiel, which
would not cause illness or death if ingested.  This could be a substance that may change the color,
smell or taste of the water without compromising the quality from a health perspective.

The FOM will define the cross-connections and what substance is subject to backflow (e.g., toilet
water, spa water, etc.).  Three members of the USC Research Team analyzed the survey forms
independently to make an assessment of the degree of hazard.  Discrepancies were eliminated by the
QAM bringing clarity to the forms, mostly by defining specific plumbing fixtures such as toilet
fixtures. Once the data was analyzed and the types of cross-connections and degrees of hazard
determined, the data was compiled and is summarized in the Results and Conclusions section of this
report.  The data was also forwarded to the UCB Research Team for incorporation into the Wet
Study.

Instrument testing, inspection and maintenance

The only instrument used in this study is the survey form, which has gone through several reviews
by those involved in the WET Study and those involved in this study.  After the initial surveys with
the QAM and the FOM, some minor adjustments, were necessary to ensure clarity, accuracy and
consistency in the reporting of data.

Inspection/ acceptance criteria
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The data from the survey forms was accepted for use in the study unless there was unclear data.  The
QA Manager reviewed the data for clarity upon receipt.  When there were unclear points, the QA
Manager contacted the FOM requesting clarification.  There was no need to eliminate any data as
clarity was obtained in each case.

Assessments and Response Actions

On several occasions, the USC Research Team conducted a conference call with the UCB Research
Team and the EPA Project Officer, as well as other stakeholders in the WET Study, to review the
data submitted during the previous month(s).  The USC Project Manager was in contact with the
WET Study Project Manager on a regular basis as the need arose to ensure the delivery of data in a
form useful to the WET Study Team and to discuss specific issues as they arose.

Reports to Management

Quarterly progress reports were made to the Environmental Protection Agency via the EPA Project
Officer for this study.  Project status, performance evaluation, periodic data quality assessments, any
QA problems were addressed in regular telephone conversations, quarterly status reports and email.

Reconciliation with User Requirements

The USC Research Team worked closely with the UCB Research Team during the initial design of
the study and throughout the data collection process to ensure that the cross-connection survey data
met the needs of the UCB WET Study.  The development of the survey form was coordinated
between the USC, and UCB Research Teams.  The summary spreadsheets were modified after the
first group of surveys to serve the needs of the WET Study team.  The cross-connections found in
the bathrooms were divided into bathroom cross-connections and toilet cross-connections.  The USC
Research Team met with the Wet Study Project Manager after the initial surveys.  At this meeting it
was determined that cross-connections involving the toilets would be more pertinent to the WET
Study.  The data was contained in the original survey forms, but had not been separated on the initial
spreadsheets forwarded to the WET Study Team.  At this point, using the original data, the summary
spreadsheet was modified to distinguish between toilet cross-connections and other bathroom cross-
connections.

Results and Discussion

Surveys of household plumbing systems were conducted on 188 homes of those involved in the
WET Study from May of 2002 to January of 2003.  Homes found to have direct cross-connections to
a health hazard constituted 9.6% of the homes.  On average 73% of water uses were unprotected,
constituting cross-connections.    Only 4.3% of the homes had either no unprotected cross-
connections or unprotected cross-connections to a non-hazardous substance. Homes with a cross-
connection (either direct or indirect) to a health hazard constituted 95.7% of the homes.  Although
this is a large percentage, the greatest concern was with the 9.6% of the homes having a direct cross-
connection to a health hazard.  In most cases these cross-connections were due to improperly
plumbed toilet fixtures, or specific toilet fixtures which could create a backpressure situation and
force hazardous water from the toilet tank into the drinking water supply.  91% of the homes
contained unprotected hose bibs, which are considered an indirect cross-connection to a health
hazard, due to the potential for connecting hose bibs to any substance within reach of a hose.  61%
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of the homes contained unprotected cross-connections involving the toilets with 8.8% of these being
direct cross-connections.  Cross-Connections to tanks, vats or water softeners were found in 5.9% of
the homes.  Of these, 18.2% were direct cross-connections to health hazards.  Unprotected cross-
connections to health hazards within the heating/cooling system were discovered in 43.6% of the
homes.   Only one home had an unprotected irrigation system of the five that had an irrigation
system.  The detailed spreadsheet covering each cross-connection for each residence is exhibited in
Appendix D.

Summary of Results Table

Percentage
of Homes

Condition Determined

9.6% Direct cross-connection to a health hazard
73% of all water uses unprotected
4.3% All cross-connections protected or, if unprotected, was a non-health

hazard
95.7% Direct or indirect cross-connection to a health hazard
91% Unprotected hose bibs at the residence
61% Unprotected cross-connections involving toilets (8.8% of these were

direct.)
5.9% Of homes had cross-connections to tanks, vats, or water softeners
18.2% Of the cross-connections to tanks, vats or water softeners were direct

connections
43.6% Of homes had heating/cooling system cross-connections

Conclusions and Recommendations

The results indicate that there are a large number of unprotected cross-connections in the home.
Many of these cross-connections can be corrected by simple measures, such as a hose bib vacuum
breaker or the change in a toilet fixture.  Other problems which may occur, such as a direct cross-
connection to the sewer via a water softener would require some additional plumbing work to
alleviate.  The fact that 73% of all water uses were through unprotected cross-connections indicates
that there is a significant chance for backflow to occur should the hydraulic conditions change.
Events that are not uncommon such as a water main break or fire hydrant use (for firefighting or
flushing) would drop the pressure at the incident to atmospheric pressure.  Pressure in the piping
system elevated above the main break could drop to sub-atmospheric levels.  In such cases backflow
would occur through these unprotected cross-connections.  A problem within the home could also
occur should the water supply to the home be shut-off for any maintenance reason.  If a tap at a
lower elevation were opened, backflow would occur through an unprotected cross-connection.

This study indicates, first of all, that further study is needed in other areas of the nation.  This project
included homes in one water system in Iowa.  There were only five irrigation systems, no pools, or
spas, and no fire sprinkler systems.  Additionally, the homes were, in general, older homes and they
were all single-family dwellings.  Irrigations systems which are common in some parts of the
country, could easily contribute to the potential for backflow occurrences in residences.  Pools and
Spas are also potential sources of contamination, depending upon the design of the system for filling
and/or make-up water.
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Although data on the age of the home was only obtainable of 83 of the homes the average home age
was almost fifty years old.  Studies of newer homes may show homes are better protected.

Another recommendation would be for water agencies to increase their efforts in the area of public
education.  While almost every home had a cross-connection with a health hazard present few of the
residents had any idea of the potential hazards.  Most of the cross-connections discovered could be
abated with a few dollars and a few minutes, but residents where unaware of the hazards existing in
their own plumbing system.
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24 January 2002

Thank you for expressing interest in the study, “Prevalence of Cross-Connections in
Household Plumbing,” conducted by the University of Southern California.  The research
project is being conducted in coordination with the Iowa-American Water Company and
the University of California, Berkeley WET (Water Evaluation Trial) Study, in which
you have participated.

The purpose of this study will be to survey your household plumbing system to determine
if there are any cross-connections in your home. A cross-connection is a connection
between the drinking water plumbing system and any other source, which may contribute
to the degradation of the quality of the drinking water. A brochure entitled Working
Together for Safe Water is enclosed to help you understand what cross-connections are.
A professional cross-connection control specialist will survey your plumbing system and
determine if there exist any unprotected cross-connections in the system. One adult from
your household will be asked to spend about 30-60 minutes accompanying the specialist
as the survey is performed.

The information obtained will be valuable to the WET Study, the water distribution
industry and to you.  You will be informed of any connections in your plumbing system,
which may permit other substances to enter your plumbing system and, thus, degrade the
quality of your drinking water.  You will be informed as to how to make the corrections
necessary to protect your drinking water from these interconnections. These corrections
may be as simple as replacing a part in your toilet tank, or installing a hose bib vacuum
breaker.  Once such corrections are made, or if no problems are discovered, you can be
sure that you’ve done your part in protecting you, your family, neighbors and the water
distribution system as a whole.  At the end of the survey, the specialist will present you
with a check for $50.00 for your participation in this study.

Although it is likely that no unprotected cross-connections will be discovered in your
home, your participation will allow you to gain greater insight in understanding your
household water system.

We thank you for your interest in this study and look forward to your participation.  I’m
sure you will find the information obtained useful and interesting.  To confirm your
decision to participate in this study, you will need to read and agree to the enclosed
Informed Consent Form and contact our office by calling toll-free 866-545-6340.
Contacting our office signifies you agree to the enclosed Informed Consent Form.  Please
contact our office within three weeks.

Thank you again for your participation and if you have any questions, please contact our
office at the phone number above or e-mail fccchr@usc.edu.

Sincerely,

J. J. Lee, Ph.D., P.E.
Director
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Prevalence of Cross-Connections in Household Plumbing
Survey Form

Survey Location
Name   Mr.   Mrs.  Miss _________________________________________________

Street Address ____________________________________________________

City ____________________________State ________ Zip_________________
Phone (______)__________________  FAX (______) ____________________

Contact person upon arrival Mr.   Mrs.  Miss _____________________________

Arrival Time _________ am/pm     Departure Time __________ am/pm

Service Connection(s) & Number Water Meter Size

o Domestic _____ o 5/8”  o _”   o 1”   o other ______
o Irrigation _____ o 5/8”  o _”   o 1”   o other ______
o Fire _____ o 5/8”  o _”   o 1”   o other ______

Building Height -  Number of Stories:   o One   o Two   o Three
  Basement: o Yes    o No

Water Usage

Cross-Connection?
No

Yes - Direct or
Indirect

Protection
AG, AVB,
PVB, SVB
RP, DC,

DuCh,DCAP
(1)

Installation
Acceptable

(2)

Permanent or
Temporary

(3)

No Dir Ind Yes No Perm Temp

o Auxiliary water supply
 o Water well- pressure
tank o o o o o o o

 o Storage tank o o o o o o o
 o Other _______________ o o o o o o o

Comments:

o Fire Sprinkler System
 o Anti-freeze o o o o o o o
 o Storage tank o o o o o o o
 o Other _______________ o o o o o o o

Comments:

o Irrigation System o o o o o o o
 o Chemical Injection o o o o o o o
 o Booster Pumps o o o o o o o
 o Other _______________ o o o o o o o

Comments:

USC ID # __________________
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Cross-Conn Proper
Water Usage

No Dir Ind

Type of
Protection

Yes No
Perm Temp

o Heating/Cooling Equipment
 o Water Heater
       T& P Valve  oYes oNo o o o o o o o

 o Boiler o o o o o o o
 o Geo-thermal heating o o o o o o o
 o Heat Exchanger o o o o o o o
 o Humidifier o o o o o o o
 o Hydronic Heat o o o o o o o
 o Snow Melt System o o o o o o o
 o Solar Heating o o o o o o o
 o Water cooled equip o o o o o o o
 o Other _______________ o o o o o o o

Comments:

o Kitchen Facilities
 o Faucet o o o o o o o
 o Pull out spray head o o o o o o o
 o Dishwasher   - Inlet o o o o o o o
                               Outlet o o o o o o o
 o Icemaker o o o o o o o
 o Other _______________ o o o o o o o

Comments:

o Laundry
 o Washing machine o o o o o o o
 o Wash Sink o o o o o o o
 o Portable Equipment o o o o o o o
 o Other _______________ o o o o o o o

Comments:

o Sewage System
 o Sewage Ejectors o o o o o o o
 o RV Flushing Facilities o o o o o o o
 o Bathroom #1  -  Sink o o o o o o o
 o Bathtub/Shower o o o o o o o
 o Toilet/Bidet o o o o o o o

 o Bathroom #2  -  Sink o o o o o o o
 o Bathtub/Shower o o o o o o o
 o Toilet/Bidet o o o o o o o

 o Bathroom #3  -  Sink o o o o o o o
 o Bathtub/Shower o o o o o o o
 o Toilet/Bidet o o o o o o o

 o Other _______________ o o o o o o o
Comments:
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Cross-Conn Proper

Water Usage No Dir Ind
Type of

Protection Yes No Perm Temp

o Swimming Pool/Spa
 o Fill Line o o o o o o o
 o Other _______________ o o o o o o o

Comments:

o Tanks, Vats, other Vessels
 o Water Softener  - Inlet o o o o o o o
                                    Outlet o o o o o o o
 o Other _______________ o o o o o o o

Comments:

o Outdoor Hose bibbs
o #1 - o o o o o o o
o #2 - o o o o o o o
o #3 - o o o o o o o
o #4 - o o o o o o o

 o Other _______________ o o o o o o o
Comments:

Other Actual or Potential Cross-Connections :

___________________________________________________________________________

___________________________________________________________________________

Type of Chemicals observed on-site:
____________________________________________________________________________

____________________________________________________________________________

 Surveyor _______________________________

Signature  _____________________________

Date of Survey _________________________

All internal cross-connections
protected?

o Yes

o No

USC Research Team                Transferred to
Data Base

Type of Cross-       Conn        Hazard     Date:
_________________
o  Indirect   o  Non-Health
o  Direct   o  Health By:

___________________
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Attachment #1

Detailing for Survey Form

(1) Protection - Type of Backflow Protection Present
AG - Air gap

Break - Air break

AVB- Atmospheric Vacuum Breaker

PVB - Pressure Vacuum Breaker
SVB - Spill-Resistant Pressure Vacuum Breaker
RP - Reduced Pressure Principle Assembly
DC - Double Check Valve Assembly
DuCh - Dual Check
DCAP - Dual Check with Atmospheric Port

(2) Installation Acceptable -

Yes - General compliance with installation criteria (ref - Iowa Plumbing Code)
Proper Elevation for AVB, PVB, SVB
Proper Clearances
Accessibility for testing/maintenance

No - Non-compliance with installation criteria

(3) Permanent or Temporary Connection

Perm - Permanently or rigidly affixed with piping/tubing

Temp - Temporary connection
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Prevalence of Cross-Connections in Household Plumbing

Recommended Corrections

Thank you for participation in this important study.  During the water use
survey of your residence, the surveyor has identified actual or potential
cross connections.  Below are suggested recommendations to correct
these cross connections.

Water Usage Location Cross connection
Recommended

Correction *

*  1.  Install approved/listed hose bib vacuum breaker
    2.  Install approved/listed antisiphon ballcock
    3.  Install approved/listed reduced pressure principle backflow prevention
assembly

Distribution:
Original – USC
Yellow – Participant
Blue – City of Davenport or Bettendorf
Red – Iowa-American Water

Page 22



Appendix D

The Household Cross-Connections Brochure

Page 23



�
�

�
�

�
�

�
�

R
EC

IR
C

U
LA

TI
N

G
PU

M
P

B
A

C
K

FL
O

W
PR

EV
EN

TE
R

IF
 B

A
C

K
FL

O
W

 P
R

EV
EN

TE
R

 IS
 N

O
T

PR
ES

EN
T,

 P
R

ES
SU

R
E 

IN
 B

O
IL

ER
 M

A
Y

EX
C

EE
D

 T
H

E 
PR

ES
SU

R
E 

IN
 T

H
E 

W
A

TE
R

LI
N

E 
A

N
D

 F
LO

W
 B

A
C

K
W

A
R

D
S

B
O

IL
E
R

[N
O

T 
TO

 B
E 

C
O

N
FU

SE
D

W
IT

H
 D

O
M

ES
TI

C
 W

A
TE

R
H

EA
TE

R
]

P
re

v
a
le

n
ce

 o
f

C
ro

ss
-C

o
n

n
e
ct

io
n

s
in H

o
u

se
h

o
ld

P
lu

m
b

in
g

W
e 

w
o

u
ld

 li
ke

 t
o

 t
h

an
k 

yo
u

 f
o

r 
p

ar
ti

ci
p

at
in

g
in

 t
h

is
 w

at
er

-u
se

 s
u

rv
ey

.  
Th

e 
p

u
rp

o
se

 o
f 

th
e

st
u

d
y 

is
 t

o
 c

o
n

d
u

ct
 a

 w
at

er
-u

se
 s

u
rv

ey
 t

o
d

et
er

m
in

e 
if

 t
h

er
e 

ar
e 

an
y 

u
n

p
ro

te
ct

ed
cr

o
ss

-c
o

n
n

ec
ti

o
n

s 
p

re
se

n
t 

in
 t

h
e 

h
o

u
se

h
o

ld
p

lu
m

b
in

g
 s

ys
te

m
.  

A
 c

ro
ss

-c
o

n
n

ec
ti

o
n

 is
 a

co
n

n
ec

ti
o

n
 b

et
w

ee
n

 t
h

e 
d

ri
n

ki
n

g
 w

at
er

p
lu

m
b

in
g

 s
ys

te
m

 a
n

d
 a

n
y 

o
th

er
 s

o
u

rc
e,

w
h

ic
h

 m
ay

 c
o

n
tr

ib
u

te
 t

o
 t

h
e 

d
eg

ra
d

at
io

n
 o

f
th

e 
q

u
al

it
y 

o
f 

th
e 

d
ri

n
ki

n
g

 w
at

er
.

D
R

IN
K

IN
G

W
A

T
E

R
CO
NT
AM

IN
AN
TS

Yo
u

r 
lo

ca
l w

at
er

 c
o

m
p

an
y,

 h
ea

lt
h

, a
n

d
 b

u
ild

-
in

g
 a

n
d

 s
af

et
y 

d
ep

ar
tm

en
ts

 w
o

rk
 h

ar
d

 t
o

p
ro

vi
d

e 
th

e 
sa

fe
st

 w
at

er
 p

o
ss

ib
le

 t
o

 y
o

u
r

h
o

m
e.

  H
o

w
ev

er
, o

n
ce

 t
h

is
 w

at
er

 e
n

te
rs

 y
o

u
r

p
ro

p
er

ty
, t

h
er

e 
ar

e 
co

m
m

o
n

 p
ro

b
le

m
s 

th
at

m
ay

 a
ri

se
 d

u
e 

to
 im

p
ro

p
er

 c
h

an
g

es
 in

, o
r

m
is

u
se

 o
f,

  y
o

u
r 

p
lu

m
b

in
g

 s
ys

te
m

.

D
u

ri
n

g
 t

h
e 

re
vi

ew
 o

f 
th

e 
va

ri
o

u
s 

u
se

s 
o

f 
w

a-
te

r 
w

it
h

in
 y

o
u

r 
h

o
u

se
h

o
ld

, s
o

m
e 

o
f 

th
e 

fo
l-

lo
w

in
g

 m
ay

 h
av

e 
b

ee
n

 f
o

u
n

d
.  

Th
is

 b
ro

ch
u

re
is

 in
te

n
d

ed
 t

o
 p

ro
vi

d
e 

so
m

e 
ad

d
it

io
n

al
 in

fo
r-

m
at

io
n

 t
o

 a
n

sw
er

 y
o

u
r 

q
u

es
ti

o
n

s.

H
o

se
 b

ib
b

s
H

o
se

 b
ib

b
s 

ar
e 

p
ar

t 
o

f 
o

u
r 

ev
er

yd
ay

 li
fe

.
Th

ey
 a

llo
w

 u
s 

to
 h

o
o

k 
u

p
 a

 g
ar

d
en

 h
o

se
 t

o
w

at
er

 t
h

e 
p

la
n

ts
, w

as
h

 t
h

e 
ca

r, 
cl

ea
n

 o
u

t 
th

e
g

u
tt

er
s,

 f
ill

 t
h

e 
sw

im
m

in
g

 p
o

o
l, 

et
c.

  H
o

w
-

ev
er

, e
ve

ry
 t

im
e 

yo
u

 c
o

n
n

ec
t 

a 
g

ar
d

en
 h

o
se

to
 a

 h
o

se
 b

ib
b

, y
o

u
 a

re
 e

xt
en

d
in

g
 t

h
e 

en
d

 o
f

th
e 

w
at

er
 li

n
e.

  T
o

 m
ak

e 
su

re
 t

h
at

 n
o

 h
ar

m
-

fu
l m

at
er

ia
ls

 a
re

 d
ra

w
n

 b
ac

k 
in

to
 t

h
e 

g
ar

d
en

h
o

se
, a

 v
ac

u
u

m
 b

re
ak

er
 s

h
o

u
ld

 b
e 

in
st

al
le

d
o

n
 e

ac
h

 h
o

se
 b

ib
b

. W
h

en
 t

h
e 

h
o

se
 b

ib
b

 is
ex

p
o

se
d

 t
o

 f
re

ez
in

g
 c

o
n

d
it

io
n

s,
 m

ak
e 

su
re

 t
o

u
se

 a
 s

el
f-

d
ra

in
in

g
, f

ro
st

-p
ro

o
f 

va
cu

u
m

b
re

ak
er

.

�
�
�

H
O

SE
 B

IB
B

V
A

C
U

U
M

B
R

EA
K

ER

B
o

il
e
rs

D
u

e 
to

 t
h

e 
p

re
ss

u
re

 t
h

at
 m

ay
 b

u
ild

 u
p

 in
si

d
e

o
f 

a 
b

o
ile

r, 
th

e 
p

re
ss

u
re

 o
f 

th
e 

b
o

ile
r 

w
at

er
m

ay
 e

xc
ee

d
 t

h
at

 o
f 

th
e 

w
at

er
 f

ee
d

in
g

 t
h

e
b

o
ile

r. 
 T

h
e 

b
o

ile
r 

w
at

er
 (

w
h

ic
h

 m
ay

 b
e

ch
em

ic
al

ly
 t

re
at

ed
 w

it
h

 p
o

is
o

n
o

u
s 

an
ti

-c
o

r-
ro

si
o

n
 c

o
m

p
o

u
n

d
s,

 e
tc

.)
 m

ay
 b

e 
p

u
sh

ed
, o

r
b

ac
kp

re
ss

u
re

d
, i

n
to

 t
h

e 
m

ak
e-

u
p

 w
at

er
 li

n
e.

Th
is

 c
h

em
ic

al
ly

 c
o

n
ta

m
in

at
ed

 w
at

er
 m

ay
 b

e
fo

rc
ed

 b
ac

k 
in

to
 y

o
u

r 
h

o
m

e’
s 

p
o

ta
b

le
 w

at
er

sy
st

em
, u

n
le

ss
 t

h
er

e 
is

 a
n

 a
p

p
ro

p
ri

at
e

b
ac

kf
lo

w
 p

re
ve

n
te

r 
th

at
 is

 d
es

ig
n

ed
 f

o
r

b
ac

kp
re

ss
u

re
.

F
ou

nd
at

io
n 

fo
r

C
ro

ss
-C

on
ne

ct
io

n
C

on
tr

ol
 a

nd
H

yd
ra

ul
ic

 R
es

ea
rc

h

20
02

 ©
 U

n
iv

er
si

ty
 o

f 
So

u
th

er
n

 C
al

if
o

rn
ia

�
�
�
�
�
�

SE
LF

 D
R

A
IN

IN
G

, 
FR

O
ST

PR
O

O
F 

V
A

C
U

U
M

B
R

EA
K

ER

N
O

TE
M

a
k
e
 s

u
re

 t
o

 u
se

 o
n

ly
 l

is
te

d
 o

r 
a
p

p
ro

v
e
d

p
ro

d
u

ct
s.

  
 S

h
o

u
ld

 y
o

u
 h

a
v
e
 a

n
y
 q

u
e
st

io
n

s
re

g
a
rd

in
g

 t
h

e
 s

e
le

ct
io

n
 o

r 
in

st
a
ll

a
ti

o
n

 o
f

p
ro

p
e
r 

b
a
ck

fl
o

w
 p

ro
te

ct
io

n
, 

ch
e
ck

 w
it

h
 y

o
u

r
lo

ca
l 

ci
ty

 b
u

il
d

in
g

 a
n

d
 s

a
fe

ty
 d

e
p

a
rt

m
e
n

t.

R
A

D
IA

TO
R

LO
C

A
L 

C
O

N
TA

C
TS

Io
w

a-
A

m
er

ic
an

 W
at

er
 C

o
m

p
an

y
M

r. 
B

ro
ck

 E
ar

n
h

ar
d

t
(5

63
) 

32
4-

32
64

C
it

y 
o

f 
D

av
en

p
o

rt
 -

 M
r. 

B
ill

 M
ill

er
(5

63
) 

32
6-

77
45

C
it

y 
o

f 
B

et
te

n
d

o
rf

 -
 M

r. 
Jo

e 
C

re
ek

(5
63

) 
34

4-
40

74

Page 24



FA
U

C
ET

 O
R

 S
PO

U
T

SI
N

K
, 

TU
B

, 
TA

N
K

,
W

A
TE

R
IN

G
 T

R
O

U
G

H

O
V

ER
FL

O
W

 R
IM

O
R

 E
D

G
E

PH
Y

SI
C

A
L 

SE
PA

R
A

TI
O

N
O

R
 “

A
IR

 G
A

P”
  

- 
TY

PI
C

A
LL

Y
M

IN
IM

U
M

 O
F 

1-
IN

C
H

W
R

O
N

G
!!

H
O

SE
  S

U
B

M
ER

G
ED

 IN
 T

R
O

U
G

H
 -

 N
O

 “
A

IR
-G

A
P”

O
u

r 
H

o
m

e
s.

..
H

av
e 

yo
u

 e
ve

r 
co

n
si

d
er

ed
 a

ll 
o

f 
th

e 
p

la
ce

s
th

at
 y

o
u

 u
se

 w
at

er
 in

 y
o

u
r 

h
o

m
e?

  Y
o

u
 m

ay
b

e 
su

rp
ri

se
d

 h
o

w
 m

an
y 

d
if

fe
re

n
t 

w
ay

s 
th

at
w

at
er

 c
an

 b
e 

u
se

d
, a

n
d

 p
o

ss
ib

ly
 m

is
u

se
d

.

Th
is

 b
ro

ch
u

re
 d

is
cu

ss
es

 a
 f

ew
 o

f 
th

e 
u

se
s 

o
f

w
at

er
 t

h
at

 y
o

u
 m

ig
h

t 
w

an
t 

to
 p

ay
 m

o
re

 a
t-

te
n

ti
o

n
 t

o
 in

 o
rd

er
 t

o
 p

ro
te

ct
 t

h
e 

p
u

ri
ty

 o
f

th
e 

w
at

er
 y

o
u

 d
ri

n
k,

 c
o

o
k 

w
it

h
, o

r 
b

at
h

 in
.

Le
t’

s 
lo

o
k 

at
 a

 f
ew

 e
xa

m
p

le
s.

S
in

k
s,

 T
u

b
s,

 T
a
n

k
s

Th
e 

fa
u

ce
ts

 in
 y

o
u

r 
b

at
h

ro
o

m
 o

r 
ki

tc
h

en
m

u
st

 b
e 

lo
ca

te
d

 s
o

 t
h

at
 t

h
e 

en
d

 o
f 

th
e 

fa
u

-
ce

t 
is

 a
b

o
ve

 t
h

e 
o

ve
rf

lo
w

 le
ve

l o
f 

th
e 

si
n

k 
o

r
tu

b
.  

Fi
ll 

lin
es

 t
o

 w
at

er
 t

ro
u

g
h

s 
o

r 
ta

n
ks

 m
u

st
al

so
 b

e 
p

h
ys

ic
al

ly
 s

ep
ar

at
ed

 o
r 

“a
ir

-g
ap

p
ed

.”
If

 t
h

er
e 

is
 n

o
 a

ir
-g

ap
, t

h
en

 t
h

e 
co

n
te

n
ts

 o
f

th
e 

si
n

k,
 t

u
b

, o
r 

ta
n

k 
m

ay
 b

e 
su

ck
ed

 o
r

“b
ac

ks
ip

h
o

n
ed

” 
in

to
 t

h
e 

w
at

er
 li

n
e 

d
u

ri
n

g
 a

lo
ss

 o
f 

w
at

er
 p

re
ss

u
re

.

To
il

e
ts

To
ile

ts
 n

ee
d

 w
at

er
 t

o
 f

lu
sh

 t
h

e 
w

as
te

 m
at

e-
ri

al
 in

to
 t

h
e 

se
w

er
 s

ys
te

m
.  

Th
e 

w
at

er
 t

h
at

fl
u

sh
es

 t
h

e 
to

ile
t 

en
te

rs
 in

to
 t

h
e 

to
ile

t 
ta

n
k

fr
o

m
 t

h
e 

sm
al

l h
o

se
 o

r 
p

ip
e 

co
n

n
ec

te
d

 t
o

th
e 

b
o

tt
o

m
 o

f 
th

e 
to

ile
t 

ta
n

k.
   

It
 is

 e
ss

en
ti

al
th

at
 t

h
e 

fl
o

at
-v

al
ve

 (
o

r 
an

ti
-s

ip
h

o
n

 b
al

lc
o

ck
)

in
si

d
e 

o
f 

th
e 

to
ile

t 
ta

n
k 

is
 t

h
e 

co
rr

ec
t 

ty
p

e
so

 t
h

at
 t

h
e 

co
n

te
n

ts
 o

f 
th

e 
to

ile
t 

ta
n

k
d

o
n

’t
 g

et
 b

ac
k 

in
to

 t
h

e 
d

ri
n

ki
n

g
w

at
er

 s
ys

te
m

 in
 y

o
u

r 
h

o
u

se
.

A
s 

sh
o

w
n

 in
 t

h
e 

ill
u

st
ra

ti
o

n
,

th
e 

an
ti

-s
ip

h
o

n
 b

al
lc

o
ck

an
d

 r
ef

ill
 t

u
b

e 
m

u
st

 b
e

ab
o

ve
 t

h
e 

w
at

er
 le

ve
l

in
 t

h
e 

ta
n

k.

B
A

LL
C

O
C

K
 W

IT
H

A
N

TI
-S

IP
H

O
N

 V
A

LV
E.

M
U

ST
 B

E 
A

B
O

V
E 

TH
E

W
A

TE
R

 L
EV

EL
 A

T 
LE

A
ST

1-
IN

C
H

M
A

K
E 

U
P 

TU
B

E 
 T

O
R

EF
IL

L 
TH

E 
“B

O
W

L”

W
A

TE
R

 T
O

FL
U

SH
 B

O
W

L

TO
IL

ET
TA

N
K

TO
IL

ET
B

O
W

L
W

A
TE

R
LI

N
E

FL
O

A
T 

 M
O

V
ES

U
P 

A
N

D
 D

O
W

N
TO

 C
O

N
TR

O
L

W
A

TE
R

 L
EV

EL
IN

 T
A

N
K

FL
O

A
T 

M
A

Y
 A

LS
O

B
E 

A
 B

A
LL

 O
N

 A
LO

N
G

 R
O

D

Ir
ri

g
a

ti
o

n
Ir

ri
g

at
io

n
 s

ys
te

m
s 

m
ak

e 
w

at
er

in
g

 o
f 

yo
u

r
la

w
n

 o
r 

g
ar

d
en

 m
u

ch
 e

as
ie

r, 
b

u
t 

if
 n

o
t 

p
ro

p
-

er
ly

 c
o

n
st

ru
ct

ed
, c

o
n

ta
m

in
an

ts
 m

ay
b

ac
kf

lo
w

 in
to

 y
o

u
r 

d
ri

n
ki

n
g

 w
at

er
.  

B
ac

k-
fl

o
w

 p
ro

te
ct

io
n

 m
ay

 b
e 

p
ro

vi
d

ed
 w

it
h

va
cu

u
m

 b
re

ak
er

s 
(a

tm
o

sp
h

er
ic

 (
A

V
B

) 
o

r 
p

re
s-

su
re

 (
PV

B
 o

r 
SV

B
))

 o
r 

re
d

u
ce

d
 p

re
ss

u
re

 p
ri

n
-

ci
p

le
 a

ss
em

b
lie

s 
(R

P)
.

W
at

er
 p

o
o

lin
g

 a
ro

u
n

d
 s

p
ri

n
kl

er
 h

ea
d

s 
m

ay
b

e 
co

n
ta

m
in

at
ed

 b
y 

ch
em

ic
al

s,
 f

er
ti

liz
er

s,
 o

r
an

im
al

 w
as

te
.

M
U

ST
 B

E 
PH

Y
SI

C
A

LL
Y

SE
PA

R
A

TE
D

 O
R

A
IR

-G
A

PP
ED

.  
(A

PL
A

ST
IC

 O
R

 M
ET

A
L

C
LI

P 
IS

 T
Y

PI
C

A
LL

Y
U

SE
D

 T
O

 H
O

LD
 T

H
E

TU
B

E 
IN

 P
LA

C
E)

EX
A

M
PL

E 
O

F
“A

V
B

” 
W

IT
H

C
O

N
TR

O
L 

V
A

LV
E

C
O

R
R

E
C

T

W
A

TE
R

LI
N

E

W
A

TE
R

 L
EV

EL

V
A

C
U

U
M

 B
R

EA
K

ER
S 

M
U

ST
 B

E 
IN

ST
A

LL
ED

A
B

O
V

E 
TH

E 
G

R
O

U
N

D
, A

N
D

 A
B

O
V

E 
A

LL
SP

R
IN

K
LE

R
 H

EA
D

S
[T

Y
PI

C
A

LL
Y

 6
-I

N
C

H
ES

 F
O

R
 A

V
B

, A
N

D
 1

2-
IN

C
H

ES
 F

O
R

 P
V

B
 O

R
 S

V
B

]

Page 25



Appendix E

The Data Spreadsheet

Page 26



1/
2 

co
nv

en
tio

n 
in

di
ca

te
s 

on
e 

pr
ot

ec
te

d 
cr

os
s-

co
nn

ec
tio

n 
of

 tw
o 

di
sc

ov
er

ed
Su

rv
ey

D
at

e

Year 
Home 
Built 
(approx.)

# of CC

Hazard
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# of CC

Hazard
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H
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H
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H
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H
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